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Overview
We present a technique for relighting an image such that different areas of the image are illuminated with different combinations of lighting directions. The key idea is to capture illumination data using a lighting apparatus system such as Hawkins et al. [2004] , calculate radial basis function interpolation of light constraints specified by users and render the calculated illumination result in realtime using GPU. The application can simulate the result of unnatural lighting conditions, for example, the image of a whole face lit from per pixel view dependence reflection angles or from gazing angles (see Fig. 1 , a). The application can also render a highresolution result at 1920 × 1080 in three to four minutes.
Capturing illumination data
We use the same apparatus lighting system as in Hawkins et al. [2004] to capture the illumination data. The lighting system is synchronized with a stationary high speed camera which can shoot hundreds of frames per second. By rapidly casting the lights to the actor in 32 directions in longitude and 15 directions in latitude, we capture 480 illumination data, each image corresponds to one light direction (see Fig. 2 ).
Radial basis function interpolation of light constraints
Users can manipulate lights by applying light constraints to a selected area. Each constraint specifies a direction, color and intensity of the light illuminating the area. The application uses GPU to calculate a radial basis function interpolation of all the lighting constraints. Our interpolation algorithm employs Gaussian radial basis function. The exponential calculation is enhanced using GPU which is known for parallel processing performance. The result of the interpolation can also be visualized in real-time as a false-color image of the directions by mapping X-Y-Z components to R-G-B channels respectively (see Fig. 1, c) . Users can also specify multiple sets of lighting constraints and combine them to create more complicated lighting configurations.
Calculating the final result
The interpolated lighting constraints specify look-ups into the illumination data, with sub-pixel accuracy using bilinear interpolation. For each set of lighting constraints, one pixel of the final result corresponds to one direction of light. By having more than one set of lighting constraints, one pixel can be lit from several directions, colors and intensities of lights. Users can also enable or disable sets of lighting constraints to see the effect of an individual set. The application can render a 480 × 270 result in real-time using GPU calculation. It also has a multi-thread system that will calculate the result of 960 × 540 in the background which takes about one to two second to display the result (see Fig. 1, c) . This multi-thread system improves the interaction performance by receiving inputs from users and calculating the result at the same time.
